Objective: Prolonged exposure to adults with pulmonary tuberculosis is a risk factor for infecting children. We have studied to what extent a brief exposure may increase the risk of being infected in children.
INTRODUCTION
Children are vulnerable and easily develop tuberculosis compared to adults. 1 Proximity to contagious individuals and living in small and poorly ventilated rooms increases the risk of being infected. 1 Young children and those with impaired resistance may be at an even higher risk. 1 Although children may infect each other, 2,3 most often adults and in particular adult family members are the source of infection. 4 However, children may also be infected outside the family and several outbreaks in schools have documented that weeklong exposure in school classes to an infectious teacher or classmate increases the risk of infection substantially. 5, 6 An outbreak in a Swedish day-care center documented that more than half of the attending children were infected after 5 months daily exposure to a preschool teacher with cavitary pulmonary tuberculosis. 7 None of 53 children who had visited the center less than 3 days were infected, suggesting that brief exposure less than 24 hours may not be dangerous. 7 On the other hand, extensive transmission to both adults and children of particular strains of
Mycobacterial tuberculosis has been reported, even after a few hours exposure. 8 In February 2010, a 20-year-old native-born Norwegian male was diagnosed with smearpositive pulmonary tuberculosis. During a three month long symptomatic period he worked as a helper in 7 day-care centers and 4 after-school care centers and briefly exposed 606 children, and 136 adult colleagues, family members and friends. Because there was only one likely infectious index case with several hundred contacts, and updated working hour lists at each institution permitted accurate quantification of the maximum exposure times of the children, we have used this event to study to what extent a brief exposure during day-care and after-school care may increase the risk of being infected with tuberculosis in children.
METHODS

The index case
The index case was a 20-year-old native-born Norwegian male who experienced chest pains, chronic cough and night sweating from November 2009 and until he was diagnosed at St.
Olavs University Hospital, Trondheim, Norway in February 2010. A chest CT-scan revealed numerous infiltrates, bronchiectasis and cavities. Two acid-fast bacilli per visual field were detected by direct microscopy of a spontaneously produced sputum specimen, and acid-fast bacilli were also detected by microscopy in three induced sputum and one bronchoalveolar lavage specimens. Tuberculosis was confirmed by PCR and culture. The Mycobacterium 
The contacts
During the 3 months long symptomatic period the index case worked from 1-5 days at 7 daycare centers and 4 after-school care facilities (Table 1 ). In total he exposed 606 1-9 year old children and 88 adult colleagues ( Table 1 ).
The living rooms in all the institutions were approximately 30 -40 m 2 each, and the ventilation systems were considered to function well. The children spent most time in the living rooms with all doors shut and usually did not go between departments. In the day-care centers, 3 to 4 hours were spent outside in the playground each day. In the schools the index case worked in the after-school program, usually lasting from 01.00 -05.00 PM. Less time was spent outside compared to the day-care centers. The index case had never cleaned children or changed diapers, but took part in cooking and helped feeding children. Most of the time he had played with children, but without much physical contact, and he never had children on his lap.
From November 2009 to February 2010 the index case also exposed 19 adult colleagues in a telemarketing office, 17 family members, 11 friends and a girlfriend ( Table 1) .
The contact investigation
All exposed children and colleagues in the day-care and after-school care centers, and all other adults exposed approximately 8 hours or more were investigated. A Mantoux All children aged less than 2 years and all older than 2 years with symptoms, a positive IGRA result, and/or X-ray findings were referred to St. Olavs University Hospital, for further examinations.
Latent tuberculosis was diagnosed in exposed individuals with no clinical and radiological findings who had a positive TST and IGRA test result.
Information regarding the extent of exposure of the children, as evidenced by the number of working hours of the index case at each day-care and after-school care center was collected from the stored working hour lists of the index case, and corrected after an interview with the index case.
Statistics
Rates are expressed in percent and age, and exposure time as mean with standard deviation. A Spearman correlation test is used to evaluate the relation between total exposure time and TST induration.
RESULTS
In all, 572 out of 606 (94.4%) exposed children were born as native Norwegian, 2% (12/606) were foreign-born and 3.6% (22/606) were second-generation immigrants ( Table 2 ). The mean age of the children was 6.1 years (Table 1) . Thirty-seven children (37/606, 6.1%) were previously BCG vaccinated (Table 2) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Table 2) .
Test results and diagnoses
Approximately 30% of the children with a TST ≥4 were previously BCG vaccinated (Table   2 ). In all 31 IGRA tests were taken in children with positive TST and children younger than 2 years old. A second IGRA was taken in 6 children. Three children had a positive initial IGRA test result, but one of these tested negative when the test was repeated (Table 2) . One child had perihilar infiltrations on a chest X-ray, which later disappeared spontaneously. Another child had a diffuse infiltrate in the left lung, and was later diagnosed with an atypical mycobacterial infection (Table 2 ). On the basis of the history, clinical findings, results of TST and IGRA tests, and chest X-rays, no children were diagnosed with tuberculosis, and only two (2/606, 0.3%) had latent tuberculosis (Table 2) .
Exposure times
The children had a total exposure time from 3 to 18 hours with a mean of 6.9 hours (SD 4.7 hours, range 3-18 hours)( Figure 1 ). More than half was exposed between 2 and 6 hours (n=360, 59.4%), and about a third (n=223, 36.8%) were exposed more than 8 hours. There 
DISCUSSION
We found that only 2 children in the after-school care centers developed latent tuberculosis after being exposed less than 18 hours to a highly infectious helper with smear-positive lung tuberculosis. No children in the day-care centers were infected. These observations support clinical experience that a brief exposure even to a highly infectious individual may not result in high risk for tuberculosis infection for healthy children. However, other factors than a brief exposure time may have contributed to a low transmission rate in the present context of daycare and after-school care facilities, such as the fact that the exposure took place in large rooms, that the air quality was good, and in particular that a substantial part of the exposure took place outdoors. A low transmission rate among the non-native children may also be explained by the fact that most were BCG vaccinated. Instead of being the result of environmental factors or patient characteristics, it has been described that particularly efficient human-to-human transmission may be seen with some Mycobacterial tuberculosis strains. 8 One healthy 9 years old boy without risk factors was infected despite a very brief exposure for 4-5 hours and it might raise a suspicion that this could be such a highly virulent strain. However, the fact that no more cases evolved during the next two years does not support this hypothesis.
Several reports have documented how long-term exposure to adults as well as children with tuberculosis increases the risk of transmission to other children in day-care centers, 7,9 in schools 6, 10, 11 and in health care institutions in high-income countries. 8 Although the evidence of the risk of brief exposure in such institutions is more limited, currently the Norwegian Institute of Public Health and others recommends investigating children who have been exposed to smear-positive individuals more than 8 hours. 13, 14 A Swedish study reported that no tuberculosis transmission took place among 53 visiting children who were exposed to a highly infectious helper less than three days in a day-care center, corresponding to a total exposure time of less than 24 hours. 7 Thus, our study and the Swedish study quite similarly found that less than 18 to 24 hours exposure may not pose a significant risk for healthy children attending day-care or after school-care centers in Norway and Sweden. However, tuberculosis transmission is complex and several factors other than exposure time influence the risk of being infected, in particular infectivity of the index case, various characteristics of the exposed children such as low age and vulnerability, and how close the exposure has been in terms of physical contact, room size and air quality. 14 More evidence on the impact of exposure time therefore should be collected before current guidelines may be changed in line with our observation.
The index case had worked at several different locations during the three months he had symptoms. Due to the brief exposure at several places it was difficult to define an inner circle of more heavily exposed children to investigate first, and therefore it was decided to investigate all. We collected information about how long time the index case had worked at the various institutions from stored working lists, and adjusted it through an interview with him. Thus we believe that our estimates of exposure times are reliable. The index case did not work to the same extent with every child, and therefore the exposures of individual children probably have varied. Nevertheless, he seemed to remember quite well the amount of time he had spent with several individual children, and we think that he provided reliable estimates of the exposure to the two children who were infected. The National Institute of Public Health in
Norway at the moment for this contact investigation recommended starting anti-tuberculous medication in all exposed children less than 2 years as soon as possible. 13 However, all 12 children who were younger than 2 years old and many of the older children already had surpassed the "window period". Hence no one was started on early medication, and most were examined for the first time approximately 2 to 3 months after exposure. We used from practical and economic reasons a TST as the primary screening tool, and an IGRA test as a confirmatory test, since the IGRA test may be more specific than TST, even in children less than five years old. 15, 16 We also used IGRA to examine some children with a legible TST result <6 mm in order to increase the chance of detecting infection, but because the diagnostic accuracy of both TST and IGRA tests is not optimal in children less than 5 years of age, 15, 16 we cannot be sure that all latent cases have been detected. On the other hand, one may discuss whether the two children with latent tuberculosis were correctly diagnosed because they only had mildly elevated TST and IGRA test results. However, since latent infection could not be excluded, they were given prophylactic treatment. We found that TST induration correlated weakly with total exposure time. Many of the children with positive TST results were BCGvaccinated non-native children without any clinical findings, and it may be a strength of the study that they were not classified as infected. We conclude that Norwegian children attending several day-care and after-school care centers had a low risk of being infected after brief exposure less than 18 hours to a highly infectious adult helper with smear-positive pulmonary tuberculosis. These findings may suggest that contact investigation in day-care and after-school care centers may be avoided in children who are exposed less than 18 hours. However, several factors other than exposure time influence tuberculosis transmission, and more evidence should be collected before current public health guidelines may be changed in line with our observation. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Table 2 BCG status, test results of tuberculin skin test (TST) and interferon-γ release assay (IGRA), result of chest X ray, number of children referred to hospital and number with latent tuberculosis in relation to nationality and specified into age groups less than or more than 5 years for children who were exposed to an adult with smear-positive pulmonary tuberculosis We are grateful to Dr. Per Eirik Haereid who participated in the preparation of the manuscript.
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Article focus
• It is well-known that prolonged exposure to adults with smear-positive pulmonary tuberculosis increases the risk of being infected in children.
• Limited evidence exists on the risk of brief exposure among children in day-care or afterschool care facilities in high-income countries.
Key Messages
• Only 2 out of 606 (0.3%) children attending several Norwegian day-care and after-school care centers were diagnosed with latent tuberculosis after being exposed less than 18 hours to a highly infectious smear-positive adult helper with pulmonary tuberculosis.
• Tuberculosis transmission is complex and influenced by other factors than exposure time.
• More evidence should be collected before current public health recommendations for the investigation of exposed children in day-care and after school care may be changed.
Strengths and limitations
• This large contact investigation may be the nearest to come an intervention study.
• Reliable information about exposure times was available.
• Although it is a strength that latent tuberculosis was diagnosed using a tuberculin skin test in every child and an interferon gamma release assay as a confirmatory test, it is a limitation that the sensitivity of both tests may be limited in children. Design: Observational study of a tuberculosis contact investigation.
Setting: 7 day-care centers and 4 after-school care centers in Norway.
Participants: 606 1-9 year old children who were exposed briefly to a male Norwegian with smear-positive pulmonary tuberculosis.
Main outcome measures:
Number of children with latent and active tuberculosis detected by routine clinical examination, chest X-ray and use of a Mantoux tuberculin skin test (TST) and an interferon-γ release assay (IGRA).
Results:
The children were exposed a mean of 6.9 hours (range 3-18 hours). 2-3 months after the exposure, 11 children (1.8%) had a TST ≥6 mm, 6 (1.0%) had TST 4-5 mm, and 587 (97.2%) had a negative TST result. Two children (0.3%) with negative chest X-rays who were exposed 4.75 and 12 hours, respectively, had a positive IGRA test result, and were diagnosed with latent tuberculosis. None developed active tuberculosis.
Conclusion:
Children from a high-income country attending day-care and after-school care centers had low risk of being infected after brief exposure less than 18 hours to an adult daycare helper with smear-positive pulmonary tuberculosis. 4 However, children may also be infected outside the family and several outbreaks in schools have documented that weeklong exposure in school classes to an infectious teacher or classmate increases the risk of infection substantially. 5, 6 An outbreak in a Swedish day-care center documented that more than half of the attending children were infected after 5 months daily exposure to a preschool teacher with cavitary pulmonary tuberculosis. 7 None of 53 children who had visited the center less than 3 days were infected, suggesting that brief exposure less than 24 hours may not be dangerous. 7 On the other hand, extensive transmission to both adults and children of particular strains of
Mycobacterial tuberculosis has been reported, even after a few hours exposure. 
METHODS
The index case
The contacts
During the 3 months long symptomatic period the index case worked from 1-5 days at 7 daycare centers and 4 after-school care facilities (Table 1 ). In total he exposed 606 1-9 year old children and 88 adult colleagues ( Table 1 Table 1) .
The contact investigation
All exposed children and colleagues in the day-care and after-school care centers, and all All children aged less than 2 years and all older than 2 years with symptoms, a positive IGRA result, and/or X-ray findings were referred to St. Olavs University Hospital, for further examinations.
Statistics
RESULTS
In all, 572 out of 606 (94.4%) exposed children were born as native Norwegian, 2% (12/606) were foreign-born and 3.6% (22/606) were second-generation immigrants ( Table 2 ). The mean age of the children was 6.1 years (Table 1) . Thirty-seven children (37/606, 6.1%) were previously BCG vaccinated (Table 2) . Eleven children (11/606, 1.8%) had a positive TST result ≥6 mm, 6 (6/606, 1.0%) had TST results of 4-5 mm, and 587 (587/606, 97.2%) had a negative TST result (Table 2) .
Test results and diagnoses
Exposure times
The children had a total exposure time from 3 to 18 hours with a mean of 6.9 hours (SD 4.7 hours, range 3-18 hours) (Figure) . More than half was exposed between 2 and 6 hours (n=360, 59.4%), and about a third (n=223, 36.8%) were exposed more than 8 hours. There was a weak correlation between total exposure time and TST test results (r=0.17, p <0.01) (Figure) .
Description of the individuals with latent tuberculosis
A 9 year old, healthy non-BCG vaccinated boy was exposed for 4.75 hours. He had a positive Eight adults (8/136, 5.9%) were diagnosed with latent tuberculosis, but only 2 (2/136, 1.5%), a cousin and an uncle who had been in close and longstanding contact with the index case, were considered to be infected recently (data not shown).
DISCUSSION
Several reports have documented how long-term exposure to adults as well as children with tuberculosis increases the risk of transmission to other children in day-care centers, 7,9 in schools 6,10,11 and in health care institutions in high-income countries. 8 Although the evidence of the risk of brief exposure in such institutions is more limited, currently the Norwegian Institute of Public Health and others recommends investigating children who have been exposed to smear-positive individuals more than 8 hours. 13, 14 A Swedish study reported that no tuberculosis transmission took place among 53 visiting children who were exposed to a highly infectious helper less than three days in a day-care center, corresponding to a total exposure time of less than 24 hours. 7 Thus, our study and the Swedish study quite similarly found that less than 18 to 24 hours exposure may not pose a significant risk for healthy children attending day-care or after school-care centers in Norway and Sweden. However, tuberculosis transmission is complex and several factors other than exposure time influence the risk of being infected, in particular infectivity of the index case, various characteristics of the exposed children such as low age and vulnerability, and how close the exposure has been in terms of physical contact, room size and air quality. 14 Indeed, the fact that both children with latent tuberculosis had less than 12 hours exposure implies that others factors than exposure time might be more important. MoreMore evidence on the impact of exposure time therefore should be collected before current guidelines may be changed in line with our observation.
Norway at the moment for this contact investigation recommended starting anti-tuberculous medication in all exposed children less than 2 years as soon as possible. 13 However, all 12 children who were younger than 2 years old and many of the older children already had surpassed the "window period". Hence no one was started on early medication, and most were examined for the first time approximately 2 to 3 months after exposure. We used from practical and economic reasons a TST as the primary screening tool, and an IGRA test as a confirmatory test, since the IGRA test may be more specific than TST, even in children less than five years old. 15, 16 We also used IGRA to examine some children with a legible TST result <6 mm in order to increase the chance of detecting infection, but because the diagnostic accuracy of both TST and IGRA tests is not optimal in children less than 5 years of age, 15, 16 we cannot be sure that all latent cases have been detected. On the other hand, one may discuss whether the two children with latent tuberculosis were correctly diagnosed because they only had mildly elevated TST and IGRA test results. However, since latent infection could not be excluded, they were given prophylactic treatment. We found that TST induration correlated weakly with total exposure time. Many of the children with positive TST results were BCG- vaccinated non-native children without any clinical findings, and it may be a strength of the study that they were not classified as infected.
We conclude that Norwegian children attending several day-care and after-school care centers had a low risk of being infected after brief exposure less than 18 hours to a highly infectious adult helper with smear-positive pulmonary tuberculosis. These findings may suggest that contact investigation in day-care and after-school care centers may be avoided in children who are exposed less than 18 hours. However, several factors other than exposure time influence tuberculosis transmission, and more evidence should be collected before current public health guidelines may be changed in line with our observation. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Table 2 BCG status, test results of tuberculin skin test (TST) and interferon-γ release assay (IGRA), result of chest X ray, number of children referred to hospital and number with latent tuberculosis in relation to nationality and specified into age groups less than or more than 5 years for children who were exposed to an adult with smear-positive pulmonary tuberculosis We are grateful to Dr. Per Eirik Haereid who participated in the preparation of the manuscript.
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